Introduction
[Insert figure 1 about here] Discotic liquid crystals have attracted interests of many liquid crystalline materials scientists since the discovery of discotic liquid crystals by Chandrasekhar in 1977 [1] . Recently, it has been expected to apply the columnar structure of discotic liquid crystals to various electronic devices [2] [3] [4] [5] [6] . The most common mesophase in discotic liquid crystals is a hexagonal columnar (Col h ) mesophase. The Col h mesophase is typically exhibited by D nh (n = 3, 4, 6) symmetric compounds.
Generally, most of the discotic liquid crystalline compounds are substituted by six peripheral chains around the central core. These peripheral chains fulfil the space around the central core. Figure 1 shows examples of C 2v symmetric compounds A~D. Each of them has only four peripheral chains which are not enough to fulfil the space around the central core, but the compounds A~C exhibit a columnar (Col) mesophase. In 1985, Wenz reported that Compound A exhibits a Col mesophase [7] .
Although he did not identify the mesophase of this compound, the mesophase may be a Col h mesophase judging from the texture of the photomicrograph in his paper. In 1995, we reported for the first time that Compound B exhibits a Col ho mesophase in very wide temperature region, and that the Col ho mesophase structure was established by temperature-dependent X-ray diffraction study [8] . In 2003, Williams et al. also reported the same homologues of Compound B [9, 10] . In 1998, Rose et al. reported that Compound C exhibits a Col mesophase in very narrow temperature region, but they did not perform the detailed identification of the mesophase [11] . In 2002, Cammidge et al. reported that Compound D does not exhibit any mesophase [12] . Thus, these compounds have very different temperature region of their columnar mesophases, although each of the compounds A~D in figure 1 has the same symmetry (C 2v ) with a slightly different molecular structure. Therefore, we would like to resolve this interesting problem.
In this study, we have systematically synthesized two series of C 2v symmetric discotic compounds of (C n O) 4 DADCT (1a~d: n = 8~14) and (C n O) 4 DCT (2a~d: n = 8~14) by the synthetic routes shown in scheme 1, to investigate their more detailed mesophase structures by precise temperature-dependent X-ray structural analyses. As the results, each of the compounds 1 forms monomer-disks in the Col ho mesophase, whereas each of the compounds 2 forms dimer-disks in the Col ho mesophase. It should be emphasized that although the difference of the molecular structures between 1 and 2 is only the kind of two atoms in the central core, such an interesting disk structural difference was induced between these compounds. We wish to report here that these C 2v symmetric discotic liquid crystals, 1 and 2, have different disk structures in the Col ho mesophases, and that the disk structures greatly affect their mesophase temperature region.
Experimental

Synthesis
[Insert scheme 1 about here] Scheme 1 shows the synthetic routes of (C n O) 4 DADCT (1) and (C n O) 4 DCT (2). (C n O) 4 DADCT (1a~d) (n = 8~14) was synthesized by our method [8, 13] . (C n O) 4 DCT (2a~d) (n = 8~14) was synthesized by the method of Cammigde et al. [12, 14] . The detailed procedures were described for the representative (C 14 O) 4 DADCT (1d) and (C 12 O) 4 DCT (2c) derivatives as follows.
3,3',4,4'-Tetramethoxybenzoin (3)
Into a 300 ml three-neck-flask, 3,4-dimethoxybenzaldehydo (30.0 g, 180 mmol), potassium cyanide (7.50 g, 115 mmol), ethanol (50 ml) and water (50 ml) were placed and the mixture was refluxed for 3 h. After cooling to room temperature, the reaction mixture was extracted with chloroform, washed with water and dried over anhydrous sodium sulfate. Then the solvent was evaporated. The purification of the crude product was performed by column chromatography (silica gel, chloroform, Rf = 0.25) to give 20. 
2,3,6,7-Tetramethoxytriphenylene (9)
1,2-Dimethoxybenzene (2.00 g, 14.0 mmol) and 2,3-dimethoxybiphenyl (0.750 g, 3.49 mmol)
were dissolved in dichloromethane (50 ml), then iron (III) chloride (4.46 g, 27.5 mmol) was rapidly added to the mixture. The mixture was stirred at room temperature for 2 h. The reaction mixture was treated with methanol followed by water, extracted with chloroform and washed with water.
The organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated. The purification of the crude product was performed by column chromatography (silica gel, chloroform, Rf = 0.40) and recrystallization from ethanol two times to give 0. radiation with a Rigaku RAD X-ray diffractometer equipped with a handmade heating plate [15] controlled with a thermoregulator. figure 3 , the phase transition temperatures were plotted against the number of carbon atoms in the peripheral chains. As can be seen from this figure, the mesomorphic temperature region of (C n O) 4 DADCT (1a~d) is significantly wider than that of (C n O) 4 DCT (2a~d).
Results and Discussion
Mesomorphic behaviour [Insert table 2 and figures 2 and 3 about here]
Furthermore, the clearing points of (C n O) 4 DADCT (1) drop with increasing the number of carbon atoms in the peripheral chain. This is a common phenomenon for discotic liquid crystals. Contrary to the common phenomenon, the clearing points of (C n O) 4 DCT (2) As can be seen from figure 4b, the XRD pattern of (C 12 O) 4 DCT (2c) shows one sharp peak in the small angle region, and a halo due to the molten alkoxy chains and a relatively broad peak corresponding to the intracolumnar stacking distance in the wide angle region. Since the XRD pattern had only one peak in the small angle region, the mesophase could not be identified only from this XRD study. However, as mentioned above, this mesophase shows a dendric texture having C 6 symmetry characteristic to a Col h mesophase. Hence, the mesophase could be unambiguously identified as a Col ho mesophase. From the spacing of one shape peak in the X-ray small angle region, the lattice constant (a) of the Col ho mesophase could be calculated to be 33.1 Å.
The Z value for this Col ho mesophase was calculated to be ca. 2 [Insert table 3 and figure 5 about here]
The XRD data of all the compounds are listed in table 3. As can be seen from this table, each of the lattice constants (a) of (C n O) 4 DCT (2a~d) is longer than that of (C n O) 4 DADCT (1a~d) (n = 8 → ∆a = 5.9 Å, n = 10 → ∆a = 5.9 Å (7.0Å), n = 12 → ∆a = 8.1 Å and n = 14 → ∆a = 6.9 Å ). The differences (∆a) between the lattice constants (a) of these two series of the compounds 1 and 2 are 6-8 Å, which is almost the same length as a triphenylene core diameter (7.1 Å). Figure 5 illustrates the possible disk shapes of (C n O) 4 DADCT (1) and (C n O) 4 DCT (2) in the Col ho mesophases. As can be seen from figure 5A , the disk diameter (a 1 ) of the monomeric (C n O) 4 DADCT (1) is equal to c + 2p, because the monomer-disk diameter (a 1 ) is compatible with sum of the diameter of one triphenylene macrocycle (= c) and the length of two peripheral chains (= p × 2). Two successive molecules of (C n O) 4 DADCT (1) may pile up in antiparallel way to fulfil the circular area illustrated in this figure. On the other hand, the disk diameter (a 2 ) of dimeric (C n O) 4 DCT (2) is equal to 2c + 2p, because the dimer-disk diameter (a 2 ) should be longer by the diameter of one triphenylene macrocycle (= c) than the monomer-disk diameter (a 1 ) of (C n O) 4 DADCT (1), as illustrated in figure   5B : a 2 -a 1 = (2c + 2p) -(c + 2p) = c. This is consistent with the lattice constant differences ∆a = 6 ~ 8 Å mentioned above. Since (C n O) 4 DCT (2) forms the dimer-disks, the CN groups of the first (C n O) 4 DCT (2) molecule must face to the CN groups of the second (C n O) 4 DCT (2) molecule, as illustrated in figure 5B . Additionally, difference of the disk structures between 1 and 2 is also supported by the XRD reflection of intracolumnar distance in the wide angle region in figure 4 .
This reflection of 1 is sharp in comparison with that of 2. This sharpness is related to the order of the stacking distance. The staking distance of the monomer-disks should be more ordered than that of the dimer-disks. It is compatible with the difference of the disk structures in columns.
Difference of the disk structures between 1 and 2 may be originated from the kind of atoms at α-position of the CN groups because difference of the molecular structures between (C n O) 4 DADCT
(1) and (C n O) 4 DCT (2) is only the nitrogen atoms in the core of 1.
Constant clearing points of the dimeric (C n O) 4 DCT (2) derivatives
As mentioned above, the clearing points of (C n O) 4 DCT (2a~d) are constant around 190 o C.
Generally, the fluctuation in a thermotropic mesophase increases with increasing peripheral chain length, so that the longer peripheral chain induces a lower clearing point. Hence, it is natural that a clearing point depends on a peripheral chain length, like the clearing points of the present (C n O) 4 DADCT (1a~d) derivatives (See figure 3a) . On the contrary, the clearing points of (C n O) 4 DCT (2a~d) do not depend on the peripheral chain length but constant around 190 o C. As mentioned above, (C n O) 4 DCT (2a~d) forms the dimer-disks in the Col ho mesophase. The dissociation of the dimers may occur at a certain temperature, so that the clearing points of (C n O) 4 DCT (2a~d) do not depend on the peripheral chain length.
Conclusion
Two series of C 2v symmetric discogens (C n O) 4 DADCT (1) Table 3 . X-ray data of (C n O) 4 DADCT (n=8, 10, 12 and 14) and ( C n O) 4 DCT (n=8, 10, 12 and 14 B: Disk diameter of (C n O) 4 DCT (2) a 2 = 2c + 2p
